T he area of no-till management in Iowa and many Several studies (deMooy et al., 1973; Bharati et al. , regions of the Midwest increased markedly during 1986; Rehm, 1986; Mallarino et al., 1991a and 1991b ; the late 1980s and early 1990s, but it has increased little Webb et al., 1992; Randall et al., 1997) showed that since then (CTIC, 1997) . Several reasons may explain yield increases due to broadcast P or K fertilization of this trend. One likely reason, although not necessarily soybean in predominant Corn Belt soils are large and the most important, is farmers' uncertainty about approlikely only in low-testing soils (less than approximately priate fertilization management for this system. No-till 16 to 20 mg P kg Ϫ1 by the Bray-P 1 extractant or 90 to management usually leads to P and K stratification in 130 mg K kg Ϫ1 by the ammonium acetate extractant soils. These nutrients accumulate in the soil surface as applied to dry soil samples). Published research compara result of minimal mixing of surface-applied fertilizers ing deep-banding with other placements for no-till soyand crop residues with soil, limited vertical movement bean is scarce and conflicting. Hairston et al. (1990) of P and K in most soils, and cycling of nutrients from showed that deep injection (15-cm depth) of P and K deep soil layers to shallow layers through nutrient upfertilizer gave yield responses superior to broadcast take by roots (Shear and Moschler, 1969; Griffith et al., placement on no-till soybean in some Mississippi soils 1977; Mackay et al., 1987; Karathanasis and Wells, 1990;  testing low in P and K. Other research (Hudak et al., 1989) showed no K placement effect on yield of no-till Mallarino, 1998; Mallarino et al., 1999) showed that P before 1994.
banding increased early growth and P uptake but did not At the long-term trials, the treatments were six factorial increase yield. Deep-band K, however, did not increase combinations of two fertilization rates and three placements, early growth but increased K uptake and grain yield. and two nonfertilized controls. Fertilizer rates were 14 and 28
Our objectives were to evaluate the grain yield, early kg P ha Ϫ1 at P trials and 33 and 66 kg K ha Ϫ1 at K trials. The dry weight, and nutrient uptake responses of no-till soyplacements were bands applied with the planter, broadcast, bean to P and K fertilizer placements. and deep bands. The planter bands were approximately 25 mm in width and were placed 5 cm to the side of and 5 cm below the seeds. The broadcast fertilizer was spread by hand.
MATERIALS AND METHODS
The deep bands were approximately 25 mm in width and were Sites, Trials, and Treatments placed 15 to 20 cm below the soil surface and spaced 0.76 m. The deep bander had a coulter-knife combination that tilled The study included long-term trials and short-term 1-yr and brushed residues off a strip 12 to 18 cm in width. In one trials. Five long-term trials for P and five for K were estabcontrol the soil and residue were not disturbed and in the lished in 1994 at Iowa State University research centers, which other (empty knife), plots received a coulter-knife pass of the were in northeast, northern, northwest, southeast, and southdeep bander but no fertilizer was applied. The treatments west regions. A corn-soybean rotation was established by were applied for both crops each year. Thus, treatment effects planting both crops each year on adjacent sections of the on soybean measured in 1995, 1996, and 1997 likely were fields. Data for soybean collected from 1994 to 1997 are rethe result of the fresh fertilizer applications plus any residual ported here. Eleven short-term P-K response trials were eseffects from previous applications. The broadcast and deeptablished at farmers' fields from 1995 to 1997. The term site banded treatments were applied in spring 3 to 5 wk before represents each site-year at long-term and farmers' fields trials.
planting for the 1994 and 1995 crops, and in the fall of the Soybean was always planted on corn residue. Summarized previous year for the 1996 and 1997 crops. Soybean on plots information about soil types and management practices is corresponding to the deep band treatment was planted on top shown in Table 1 . Crop management practices (except P and of the coulter-knife tracks. A high K rate (280 kg K ha
Ϫ1
) was K fertilization) were those normally used at each farm or applied as one-third broadcast and two-thirds deep-banded research center. The soybean cultivars and planting dates used treatments in spring 1994 at all P trials. A high P rate (120 were among those recommended for each location. Soybean kg P ha Ϫ1 ) was applied as one-third broadcast and two-thirds row spacing was 0.76 m at research farms and 0.19 m at farmers' fields. Plots measured 18 m in length and either 4.5 or 6.0 m deep-banded treatments at all K trials. Completely random- ized block designs with three replications were used for all a similar K rate ϫ placement factorial. To better estimate separate responses to P or K, the treatment sums of squares trials. The treatment sums of squares of the measurements were partitioned into orthogonal comparisons of the two conalso were partitioned into nonorthogonal comparisons that compared the mean of all controls with the mean of plots trols (absolute vs. empty knife) and of the mean of the controls vs. the mean of the fertilized treatments. The sums of squares receiving only P and the mean of all controls with the mean of plots receiving only K. of fertilized treatments were further partitioned into a factorial arrangement of placement, rate, and interaction effects.
At the farmers' fields, five trials were conducted in 1995,
Measurements
five in 1996, and three in 1997. The 14 treatments were four nonfertilized controls, the four factorial combinations of two Soil samples were collected before the treatments were first applied. Composite samples (12 cores, 2-cm diameter each) P rates and two placements, the four factorial combinations of two K rates and two placements, and a P-K mixture applied were collected randomly from two depths (0-7.5 and 7.5-15 cm). In addition, the absolute control plots of long-term trials broadcast or deep-banded. Two of the controls were absolute controls and the other two received a coulter-knife pass of were sampled each following year. Soil was dried at 40ЊC and analyzed for pH, organic C, STP, and STK using procedures the deep bander but no fertilizer was applied. The fertilization rates were 14 or 56 kg P ha Ϫ1 and 33 or 132 kg K ha Ϫ1 when recommended for soils of the North Central region (Brown, 1998) . Soil pH was measured potentiometrically using a 1:1 P or K were applied separately. The P-K mixture treatment consisted of 56 kg P ha Ϫ1 and 132 kg K ha
Ϫ1
. The broadcast soil:water ratio, organic C with the Walkley-Black method, STP with the Bray-P 1 extractant, and STK with the ammonium and deep-band placements were similar to those used at the research centers and were applied in the fall. The deep-band acetate extractant. Results for pH and organic C (0-15 cm depth) are shown in Table 1 ; results for STP and STK (for spacing was 0.76 m, although soybean was planted in narrow rows (0.19-m spacing). Three trials conducted in 1996 (Sites various depths) are shown in Table 2 . We used Iowa State University soil-test interpretations for samples collected from 24, 25, and 26) and two in 1997 (Sites 30 and 31) evaluated residual effects of similar treatments that had been applied 0-to 15-cm depth and low subsoil P and K. The aerial parts of 10 soybean plants were sampled at the V5 growth stage (Fehr et al., 1971) by cutting plants at ground partitioned into orthogonal comparisons of the two controls (absolute vs. empty knife), the mean of all controls vs. the level. All plots were sampled with the exception of the empty coulter-knife control at the long-term trials. No samples were mean of all fertilized treatments, a P rate ϫ placement factorial (two rates, two placements, and the interaction effects), and collected from Site 21. Plant samples were dried in an air- 
Fertilization and Placement
At long-term trials (Table 3) , P fertilization increased At the short-term trials (Table 3) , statistical analyses by site show P placement differences only at Sites 26 yield (P Յ 0.1) at seven sites (Sites 5, 7, 8, 9, 10, 11, and 12) . The statistical analysis would suggest that P also and 28. These responses are difficult to interpret. Both sites high in STP, the yield of the control was intermediinfluenced yield at Site 3, but this is not the most appropriate conclusion. The yield of the control was intermeate between the yields of the deep-band and broadcast placements, but nonorthogonal comparisons showed diate between the broadcast and band placements, and nonorthogonal comparisons showed no difference bethat neither fertilized mean differed from the control. Analyses of variance by site showed no significant retween each fertilized mean and the control. The responsive sites had less than 9 mg P kg Ϫ1 at a 0-to 15-cm sponse at other sites, although most tested low. An analysis across all sites showed a small positive effect depth or 12 mg P kg Ϫ1 at a 0-to 7.5-cm depth, although responses did not occur in all low-testing soils. At Site of P fertilization and no placement difference. This small but significant response across sites could be explained 9, the broadcast placement was better than the band placements. At Site 11, the two band placements proby small responsive trends at various sites. The lack of grain yield response at sites with STP duced the highest yields. The positive response to P banding at this site (same location as Site 9, but 2 yr optimum or above coincides with published results (Mallarino et al., 1991a; Webb et al., 1992) for soybean later) could be attributed to a combination of very low STP and little rainfall recorded in May 1996. Although managed with chisel-plow tillage and broadcast P. The previous research showed an almost nil probability of other sites had low or very low STP and received little rain early in the season, Site 11 presents one of the response in the optimum interpretation class (less than 16 mg P kg Ϫ1 , 0-15 cm depth) or higher classes. The worst combinations of STP and rainfall. An analysis across all long-term sites showed a significant response lack of large yield responses at several low-testing soils (0-15 cm sampling depth) in this study raises questions to P fertilization but not to P placement. The interaction rates ϫ site was significant (P Յ 0.1, not shown), which about the applicability of soil-test P interpretations from chisel-plow to no-till soybean. Contrasting results for confirms the different responses observed at some sites. across all short-term trials showed a small, significant response to K fertilization but not to placement, alno-till corn were reported by Bordoli and Mallarino though the mean for the deep-band placement was the (1998) because corn responded to P in most low-testing highest. The small additional soybean response to deepsoils, and the sampling depth did not influence the preband K observed in this study is in contrast with rediction of responses. We postulate two possible reasons sponses of no-till corn reported by Bordoli and Mallarfor the lack of soybean response to P at several lowino (1998) for similar soils. No-till corn showed a more testing soils. One is that no-till soybean may require a frequent and large yield response to deep-band K, and different STP calibration from that of tilled soybean or in corn the planter-band and broadcast K placements no-till corn. In average, soils had 65% more STP in the did not differ. 0-to 7.5-cm depth than in the 7.5-to 15-cm depth (Table  The yield response to K fertilization or placement 2) and the range across sites was 8 to 283%. This cannot across sites was not correlated with STK at any depth. be proved conclusively with our data because the correThe STK stratification in these soils was less than for lation between relative yield response to P (which can P; on average the soils had 37% higher STK in the 0-be calculated from the data presented in Table 3 ) across to 7.5-cm depth than in the 7.5-to 15-cm depth, and sites and STP was only slightly better for the 0-to 7.5-the range was 1 to 108%. All soils had STK levels (0-15 cm depth (r ϭ Ϫ0.46, P Յ 0.01) than for the 0-to 15-cm depth) optimum or higher according to current intercm depth (r ϭ Ϫ0.41, P Յ 0.02). Also, use of the shallow pretations. Our results cannot be directly compared with depth and current soil test interpretations would have previous Iowa research (Mallarino et al., 1991a and improved little the prediction of responsive and unre1991b) for tilled soybean and broadcast K because those sponsive sites. When a 0-to 15-cm depth was used, 16 studies applied the ammonium acetate K test to fieldsites tested less than 16 mg P kg Ϫ1 (below optimum), moist samples. This test extracts less K from field-moist seven sites were responsive, and nine sites were unresoil than from air-or oven-dried soil (Luebs et al., 1956 ). sponsive. When a 0-to 7.5-cm depth was used, only 15
The yield response to K placement was not related to sites tested below optimum, the same seven sites were responsive, but only eight were unresponsive. deficient rainfall during spring or summer, as was shown although means for both band placements were higher. for no-till corn by Bordoli and Mallarino (1998) . The At short-term trials, P fertilization increased early lack of a statistical K placement difference in the shortgrowth at two sites. At Site 25, the broadcast placement term trials is in contrast with the advantage for the deepincreased yields more than the deep placement did. At band placement observed in the long-term trials. This Site 27, the two placements did not differ. The statistical difference could be related to the fact that soybean analysis across all short-term trials confirms a response was planted in wide rows in the long-term trials and in of early growth to P, which was higher for deep placenarrow rows at the short-term trials. When a wide row ment (P Յ 0.08). Small and frequent responses to the spacing was used, the rows were placed on top of the P undetected by the analyses of variance by site explain knife tracks and plants along a row were closer to each the overall response. other. Analyses of plants from deep-band and interPotassium fertilization increased soybean early band areas of Sites 22, 23, 27, and 28 (not shown) at growth at five long-term sites (Sites 3, 8, 9, 10, and 14) the V5 growth stage showed that K uptake was 20% (Table 6 ). All placements decreased early growth at Site higher in the deep-band areas.
1, a result that cannot be explained because even the low rate decreased growth (not shown). Among the sites
Early Growth Response to Fertilization
with positive responses, the placements differed only at and Placement
Site 3 and 8, where the two band placements increased yield over the control. An overall analysis of variance At long-term trials, P fertilization increased (P Յ 0.1) early growth at Sites 11 and 16 (Table 5) . At Site 11, detected no response across sites, probably due to the negative response in Site 1. An analysis without Site 1 only the two band placements increased growth. At Site 16, all placements increased plant dry weight, and the revealed a positive response to fertilization and to both band placements (P Յ 0.1, not shown). At the shortincrease was higher for the two band placements. An analysis across all long-term sites shows a significant term trials, K fertilization increased early growth only at Site 25, but small, nonsignificant effects at other sites response to P fertilizer and a lack of placement effects, increased P uptake more than the broadcast placement probably explain a small significant response to K across at Sites 10 and 11, and only the planter-band P increased all trials. The placements did not differ at any site or P uptake at Sites 13 and 16. An analysis across all sites across all sites.
revealed a significant response to P fertilization and to The responses of early growth and grain yield were the planter-band placement. At the short-term trials, P not related. Only one P site (Site 11) and one K site fertilization influenced soybean P uptake at five sites. (Site 10) showed responses of both early growth and
The placements did not differ at Sites 22, 24, and 27, and grain yield to fertilization. Moreover, the correlation the deep placement was better at Site 25. A statistically across sites between relative yield and early growth resignificant placement effect at Site 30 is difficult to exsponses was not significant (P Յ 0.1) for either nutrient plain because the control is intermediate between the or placement. Thus, increased early growth was of no broadcast and deep-band placements. In contrast to rebenefit for yield production in these sites. Environmensults for yield and early growth, the high P rate increased tal growing conditions later in the season may have P uptake over the low rate at three sites (not shown). precluded any influence of increased early growth on Although P uptake was not increased at all sites, the grain yield. A lack of relationship between increased influence of P fertilization and placement on early P early growth (mostly due to P banding) and grain yield uptake was more frequent and more marked than on was also observed for no-till corn in Iowa (Mallarino et grain yield or early growth. Correlations between relaal., 1999).
tive increases in yield, early growth, and P uptake across sites were not significant (P Յ 0.1).
Effects of Fertilizer Placement on Early
Potassium fertilization and placement influenced Plant Nutrient Uptake early plant K uptake frequently. At the long-term trials (Table 8) , K fertilization increased K uptake at 10 sites, Phosphorus fertilization increased (P Յ 0.1) P uptake at six long-term sites (Table 7) . The placements did and the placements differed at seven sites. The band placements were statistically similar and better than the not differ at Sites 8 and 12, the two band placements broadcast placement at six sites (Sites 3, 7, 8, 10, 12 , ment observed in this study together with previously reported larger responses of no-till corn to deep-band and 13), whereas the deep-band placement was the best at Site 15. An analysis across all long-term sites showed K suggests that this placement is the most efficient for corn-soybean rotations managed with no-tillage. that only the two band placements increase K uptake. At the short-term trials, K fertilization increased K uptake at six sites and the placements differed only at Site 26, where the deep band was better. An analysis across REFERENCES all short-term trials shows a significant response to K (Brown et al., 1988) . Highest fruit yield of bell pepper grown on plastic mulch was obtained meability of the resin coating and soil temperature
In two of three years pepper yield was maximized at or near the (Gandeza and Shoji, 1992) . has been examined. Leaching losses of a polymer-coated 1) peppers. There were few consistent differences in pepper yield or AN were less than that from AN (Alva, 1992) , and, in quality due to N source. Given cost considerations of drip application a greenhouse study, N leaching from a resin-coated urea and N sources, slow-release N materials may be a viable option for was less than from comparable N rates of AN or IBDU small-scale growers not using drip application systems. (Wang and Alva, 1996) . In another greenhouse study, a membrane-coated fertilizer produced quality celery (Apium graveolens L.) transplants at the lowest rate of fertilization used in the study (Dufault, 1987) . S low-release nitrogen (N) materials are often used Although some large-scale vegetable producers rely to reduce N leaching losses from sandy soils (Wang upon fertigation via drip irrigation to supply N, many and Alva, 1996) and extend N availability over a growing small-scale or low-input growers apply the majority of season (Wiedenfeld, 1986a) . Because of high cost, slowtheir N fertilizer as a preplant application. If soluble release N materials are usually reserved for use in highfertilizers are used, the possibility of significant N loss value production systems such as turf and horticultural and reduced crop yield exists. Since previous research crops (Hauck, 1985) . Studies have shown that preplant has shown that preplant applications of SCU may proapplications of SCU can produce yields of vegetables duce yields equal to split applications of soluble materiequal to those observed with split applications of soluble als, the objective of the work reported here was to deterfertilizers (Locascio et al., 1973; Sharma et al., 1976;  mine if similar results could be obtained with the new Wiedenfeld, 1986a). For example, when preplant SCU resin-coated fertilizers. The objective of this research was compared to preplant and split applications of urea, was to examine the effectiveness of preplant SCU and yield of onion (Allium cepa L.) was greater with SCU polyolefin resin-coated N fertilizers, comparing bell than with preplant urea, and equal to yields from split pepper yield and quality to that obtained when a soluble N fertilizer was applied via split applications.
